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Fed though what 1 1 ww Preſent \ Ml 


"8 Excellency may ſeem unfit to fr withal, yet I could 


omtt this opportunity 0 


ilofophy. - And certainly; Phi- 
loſophy does highly deſerve | dud from the 


_ Wile, the Great and Powerful ; the moſt Learned 


Univerſities have at all times made Natural Philo. 
tophy and Mathematicks' ai great Branch of Per: 
Literature, and we ſee how rey: Academuck 
Knowledge has been approved of by the great En- 

couragement and targe Priviledges "the Fools have 
recerved from our W1ſeſt R—_ , and by the general. 
agreement of the moſt ſober and conſiderate men, in 
ſending ing their- Youth to receive - their Education thexes 
in. This Jhews how univerſaly Philoſophick Learn- 
ing has been approved; and the only Queſtion that can 
be raiſed at preſent 1s, Whether the Natural Philo- 
tophy formerly profeſied in the Schools, or that which 


" ts at preſent proſecuted by the Societies lately Imtitu- 


ted in ſeveral the moſt noted parts of Exarope, be the 


True Philoſophy, or method of Inveſtigating Na- 


ture. But ſurely this will be no longer a doubt, when 


3e conſider how unſatisfattory were the ancient No- 


tions of Philofophy, which then conſiſted rather m. 
Nifputes, and Verboſe empty Staff, than in any Cu- 
rious. Diſcovery of Natures ARions. If a man coult 


= Frove, Pro an Con, 379: atever Was prope fed, and main= 
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JR} tie this Diſpute for:two or three bours by vain Dis | 
ſtin&ions #nd\idle Evaſions, he preſently gaind 4 "<M 
Dame of a Philoſopher, : tho all the while be bad m © 
manner 'of Notions im his Brain anſwerable to thoſe 
ſenſeleſs words he:threw out, I wauld fain know, w 
Notion any, manchas : of :Laght upon promuncing \the 
definkgion of it, ;Actus Perſpicut quatenus'Perſpt- 
cuum, does be hereby in the leaſt underſtand any of the 
properties of Light; or how "tis affefed by Refratti- 
ono Reflection? or toes: this Definition lead bim 
to improve-Laght for the advancement and help of our 
ſenſes, or other advantage of mankind ? Ad now, 
my Lord, zf this kind of Philoſophy hich formerly 
hild our Schools pere hok'd upon as deſerving the Fa 
your of the Great, how' much more ſhall the preſent 
uſeful Enquiries -vf the Ingenious deſerve Incou- 
ragement* But that this. may be made a little more 
evident (though T'am'perſwaded *tis ſufficiently manifeſt 
atready'to XYoar Excellencys Diſcernng Judgment) 1 
ſhall ' crave leave to be more particular in this matter ; 
And I ſhall begin with one of the moſt Conſiderable and 
Univerſal Concerns of Mans Life, I mean Naviga _ 
tion, wherein the Philoſophy of the Moderns bas * 
been very much - Exerciſed; The Magnet by its Ca- 
prichious Variations 1s at preſent in ſeveral parts of 
the: World rendred almoſt uſeleſs ; but diligent ſearch 1s 
daily made after its Vagarys, that we may not be depri- 
ved of the unſpeakable benefit of one of the maſt ſurpri- 
fing Phenomenas in Nature. Certainly men might 
Ws wh | : have . i 


* 
* 


V4 of 
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fication 1 of” -0n@: "of theſe Hixoebitances, which Aſa 

f rio tal Philoſophy: projencly ſavers). 
: further Rxponiments tnay baye oi Refhfy. © Tr 
| ion iexiſe 0 Navigation as dbthe Eng 
fo rhe Theoryuof the Tides, anbthe Moons mot 
ow Endeavours- for the Congrats and wing 
: Fa Ivaulicks ad Hydroſtiaicks tends 20.1 Gre, 
ER - molument and. Pleaſure of. M4 


FF. _theiGardensand: Houſes of eds: Greateſt 
= - - vulture; and the: Nan” 2.8 relating. Þ:, 
| - .. Vegitation, is of unver ſas extent: over the face, I 
_ Worlds and. hoyw-mightily it has been lately, proſeci 
E, Tx evident fromthe incomparable: Works of Mr. Evelyn 
|. . Urndvtheis.” By:the Dodtrine'of Light, and'the' Pro- 
+ E "es /7 tr vhikayſ ur moſt" Noble. Senſe: has. been Teproved: 
= — . © #0 an-Acatenieſs. amecthouſands © degrees. beyond i its na 
= }  wmpab Abikties; wind. 'the:Leleſcops und: Microf6ope 
|  -uiftober: to-bEnew Worlds and: Animals, extenilin; 
theCheation farther. than. was poſſible for the Anctents 
to imagines” There is.-no: ſtate of* Life: that is mot C0114. 
cefifl in' Meteorology, -or\the Phatolophy of” the 
AVeathers: And all that have: heard of the late'contre» 
v2d4" Barofcopes; Hygroſcopes,, Thermoters, 9c. 

may: plainly percerve:what- Endeduoyrs have Pn made. 
4 7 and their | fooeeſ 1 might-__ 
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wieh —— ry" Je” exo he / " to 
Your FixceHenoy- of the wſefulreſs of aft Abiiye Bx- 
*perimeatal Philotophy, but 1 fhop my.band, and ſhall 
 only.declare in ſhort, that from this. alone ne arets expect 
advancerpett 5-in_ the moſt /inipartant”.” concerns. of humane 
life; the, Virtues of Animals, Plants: and\ Minerals 
for the health of mans Boly, ArchiteGture Ciuil and 
Militaty. for the pleaſare and. ſeturity of bis life; all ind 
| f Machines and:Mavements- for, theencreaſ#' and dye 
applitation of bis ſtrength, proceed from-this kind of Phi- 
loſophy, which' coniſts tm Actions, not*in Words, and 
cutes and ſometimes improves Nature+by the ſame 
eps that- be her ſelf as-by.-.; And indeed, wy Lord, 
if we conſider Natiire:as an: Aﬀtiug Principle; re: uf 
needs ackrowledge that fhe is to be proſecutetly Adtion, 
and not by Verboſe Diſputes; here is nothing that 
the mind of. man will not find ſomething ta ſay for-or :4- 
 gainft all: day long; and, therefore of the-School-Diſputes 
there 45nd end; but Experiment. i {$: —_ of Fatt, and 
ſirikes the Senſes Sn, that there is no oppoſens o-it, 
Who is it that will mm queſtion the force 0 Gun-pows- 
der, 0r:hether the Mercury: rife: and) fallin the: Bar 
folcope at fair on foul Weather'& won) vn: 


*Tis- therefore -: thts Philoſophy ; (nay; it picaſe mel 


Your Excellency }:ithat deferves Bayour and In- 
t-from:the;Pawerfulzod. Wiz and 4s 
 Gad.- bas-tiade- all things» in\ammber,-meaſtnre;. and 
weaghat that Learning Eumbh teaopes' us.the affections 
of 
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ya tbe V irgin'; '#s if mank 
feſt Foo ed and Ingenious*Freatiſe againſt 
the Leviathan.: Al tbe. World that know Your Fo 
ſhip, miſt uckhnoipledge that this\and> ot her-biseetvacr- 
dinary VN irteies- are entail don; Year Exceliency, wh 
, bas not buried the Talent in a. Napkin) but approved 
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with Was 'c Ta Youw 
Ach them, So that upon Enki. ons bo Ex- 
7 has ſhewe Your Self 4 zeal Patron of 
g and Ingenuity ; and though I dare not on 
Fi * ſcore challenge Your Excellency s$ Protection 
\#} here preſent You, for I ani. afraid to truſt my 
WE uogment in my on Concern , yet I will preſume'to 
ur Fayour towards it as "tis new, and nat 
Bhd by ſans Ingenious Men to whom I have fhewn 
Kz bether it may deſerve Your Excellency's Coun- 
xe for ts Uſe and Advantage, I teave to Your own 
erning T hought, after Your Lordſhip is pleaſed to 
Cd cha »Y rT what I offer in the Firſt and Second Chapters. 
C Joweuer, this [ will venture to aſſert — that 
F'QClocks or Time-keepers by Wheels and Weights 
we been an ancient Invention, (if we believe Severinus 
Boethius to be the firſt Author of them, 'tis above 1100 
*ars ago) yet in theſe later days they have recerved a 
moſt high advancement ( to the immortal glory of Mo 
zagens) by the tis of a plain and ſimple Swag, or 
Pen alam ; 3 ſence the days of Hezekiah, wherein we 
Jil Diels mentioned, I have not heard of a more plain 
; tion for the advancement of Dials, and in- 
rging and aſcertaining their Uſe, than what 1 here pro- 
, And though I ſhall not be fo vain, as to expetf its 
propagation, or any great Glory from the Contri- 
Vance 3 » 
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#2 New Contrivayce of Adopring a Telerops 
To a large Horizontal Dial ſerving the 
moment of Time by IA or Night. 7 
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CHAP, I. | 
The Uſe and Advantages of this Contrivance, 


Very one the leaſt verſed in Aſtronomy, does 
know of-what great Concernment the Obſer- 
vation of the exact Moment of Time 1s therein, 
Without this no Celeſtial Obſervation can be per» 
formed Accurately, and Aſtronomy is like to' receive 
but little advancements. Hereby the 7 ables Aſtro- 
nomical are approved or rejected, and Calculations 
found true or falſe. - So that whatever advantages 
we propoſe to our ſelves by a Corre&t Aſtronomy, ws 
ſhall find our preſent Indeavour to be helpfal'to- 
4 wards them.- And certainly there are fome ſignal 
G uſes expected from it; ſince fo many Kings, Princes, 
; States, and Learned Men in all Apes, particularly 
our late and our preſent Soveraipn of Great-Brittain, 
Lhe i A French King, and formerly ſome Rog 
B | 
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. of Denmark, have been at ſuch great expences both 
- of Time, Labour, and Charges, for the advancement 


= thereof. But I ſhall pais by all other excellent 


uſes that are expected from an Accurate Theory of 
the motions of the Heavenly: Bodies, and ſhall only 
inſiſt on ene particular, wherein the Obſervation of 
the exatt Moment of Time does more immediately 
tend to- the uſe of mankind. We all know how 
univerſaly the whole World is concern'd in Navi- 
gation and. Commerce, by Ships fAiying before the. 
winds, and floating on the Seas 5 Nation convyerſes. 
with. Nation, as every man with another by words, 
fying 1a the Air : ;.- by this, Civility, Learnang, and 
all Politenefs 1s propagated ;, we are made acquain- 
ted with one'anothers Laws, Conftitutions and Man- 
ners,, we mutually reap the Fruits of each others 
Commtrys, and are no- longer Strangers, but Felloy- 
Citizens of the World.. And for all theſe advanta- 
ges(at leaſt for our more ſecurely reaping theſe be- 
nefits) we are in a great meaſure, if not wholly, 
beholding to: Aſtronomy. For whoever has but in- 
quired into- the firſt Rudiments of that” Science, 
ww very well know, how far the determina- 
n of the Longitude of places, and conſequently 
thi advancement of Geography and Navigation de-. 
pends thereon. But whether this be attempted-by 
Echpſes. of the Sun, Moon, or Stars, or by the Immer/- 
- ens and: Emerfrons of Tupiter' s Satellits into or from his 
Tilowy, or by the Pendulum C heck, at. Sea, 8&c. In 


al theſe veto the 4 of the exact Moz 
ment of time is neceflary, for otherwiſe the Horary 
diſtance of the place of Ob/ervation, and conſequent- 
ly the diſtance on the Equator, or Longitude, from 
an afligned place ſhall be uncertain. 
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C HAP. 1..- 
of the Methods uſed for obſerving the , Eraft Moment f 


Time, and their Inconveniencies and Troubles. 1 


itt E common ways uſed by Aſtronomers for 


Ln —_— 


obſerving the 7ime are, either by Dzals, or by 
; ng the Suns Altitude by day, or by the Altitude 
: of fixt Stars by night, taken by large and accurate 
p Inſtruments; or by obferving the Altitude and Azimuth 
of the Sun or Stars, or laſtly by the tran/its of Sun 
or Stars croſs the Meridian, or the coming of ſome 
of the Circum-Polar Stars 1n; the fame Vertical with 
the Pole-Star. All theſe methods have their incor 
veniences,or at lea{t.,are attended with far greater 
_ trouble than that which I ſhall propoſe. 

And firft for Diats, unlefs they be very large 
they will not admit of diviſions fo minute, as are 
requiſite to the nice determination of the Time, 
as into minutes, half-minutes, and quarter-mi- 
nutes. And when they are ſo large as to admit 


ſuch, the uncertain ſhadow that is caſt froma long 
B. 2  Omomon 
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Grivadi inte tha alle for ſuch niceneſs ; for: | 


though'your D:a/ have on it every quarter-: - 
nute, the moſt accurate eye.cannot tell where the 
ſhadow. determines to a minute. Another grand 
defeQ of Dials is, that they ſerve only in the day- 
time, and that too, when the Sun ſhines out in- 
tenſely. So that for the night (which 1s the chief 
time of Aſtronbmical Obſervation) Dials are perfectly 


-uſelels. 


Perhaps I need ſay no more to recommend my 


preſent contrivance, then to aſſert that it.clearly 


takes oft both theſe inconveniences. : For thereby 
the larger the Dial is, and the. more minute the 
diviſions are, the more accurately is the Time 0v- 
ſerved. A long Gnomon 1n.our way hinders not at 


All, nor 1s there any uncertainty from a Penumbra. 
"And moreover 'tis adapted as well to ſerve by the 


Stars at night, as by the Sunn the day, and gives 
the hour almoſt by inſpection at a Star, as at the 
San: And withal has this advantage, that when 
the 'Sun is over-clouded, fo as bur juſt to be ſeen 
faintly, and caſts no ſhadow at all ona Dal ; yet 
in our way, if he be in the leaſt pexceivable by the 
eye, the Time may be exactly told by him. 
'F-cannot ſay that there are inconveniences 1n 
obſerving the Time, by taking the Sun or Stars 


 Altitudes and Azimuths by day and night; and yet 


if we reckon trouble an INCONVENIENCE, theſe me-. - 


thods. _ not free ira it. For, beſides. the. dit-' 


ficulty 


ficulty and charge of obtaining Tr 


_ oblique ſpherical Lriangles,viz that wherein three' 
ſides are given. to find an Anz ze ; and" this, if the 
obſervation be by the Altitude of the Sun-in day- 


ty or thirty of theſe in a night? Befides, the A- 
ly, that for a good while both: before and'after 


. Meridian, and the obſervation of the Azimuth reme- 


trouble of Calculation: attends: the obſervation el 


terity and long practice that 1s requiſite for right- 


ment I propoſe, does the matter with the greateſt 
certainty, and greateſt eaſe imaginable.. 'There'is 


"Operation, ſave only the addition-and ſubſtrattion 


" Sciathericam: T, eſepicun? / 


and accurate enough for doing theſe, atk the rhe 12 


ly managing them :: This method 1s attended by* | 3 
the trouble of Calculating:the moſt difficult;of AY 


time ; for by the Alitudes of Stars by night, the 
Calculation 1s. yet. more tedious and” troubleſome. 
And if ſo, what a toil muſt it be to ſuppute twen- 


tiftudes of the-Sun towards the meridian alter {oflow=- 


noon, 'tis not ſafe torely upon them. This incon- 
venience indeed 1s | ſomething remedied- at the 
Stars, where I can;chooſe thoſe that are of a pro- 
per Altitude, and: conveniently: remote from the 


dies the other uncertainty proceeding from. their 
vicinity to the Meridian; But: as I ſaid. before; the 


ther'of Altitudes or Azimutbs ;, whereas the Inſtru- 


requiſite therein, beſides a-plain and fimple-obſer- | 
vation, no Calculation by | 7riang/es,: or any'other_. 


of two or then: {mall numbers, to be had in the x 
Tables: _ 
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Srathericu "Teleſeopicum, © 
1 ready Calculated; and that-too, only when 

the olaſarvationis by the Stars at night. | 
_  .» The methods of obſerving the Time by the ap- 
| pulſes. of the Sun or fixt. Stars to the Meridian, or 
the Cram-Polars coming in the ſame Vertical with 
the Pole, are plain, {tmple, and eaſy. We have the 
firſt deſeribed by: Riccioli 1n his Almageſtum Novum, 

Lib. . Cap. 15. Prok8. where he ſhews us how to 
orm it by his Triangulum Filare. The latter way 
FF deſcribed by Sir Jonas Moore in his Compendium 
Mathematicum, p. 118. and more fully in.the Royal 
 Almanacks for the years 1675, 1677, 1678. And 
I have by me” lables laboriouſly and carefally 
Calculated by ' my efteemed Friend. Henry Osburn 


q; an excellent Aſtronomer and Mathematician }. 


for Dublin and other Latitudes in treland to years 
lately paſt, and to come, which are to be uſed in 
this way. . But, though both thele ways (as I ſaid 
before) are very plain and eaſy, yet they terve ra- 
ther to refitie Watches and other Txme-keepers, 
| then to ſhew the Time themfelves throughout the 
whole conrte of anobſervation; as, faxppoſe it were 
an Eclipſe of the Moon, perhaps when a ſpot ei- 
ther immerges or emerges into or from the ſha- 
dow,there 1s-not at that very*inftant; and perhaps 
will not be for many minutes after, a'Star in the 
Aeridran, or under the. Polz-ſtar, to tell me the mo- 
ment of that tune. 

But what I Frapeth does as conſtantly cnn not 


by 


"datd Taleſapiun. 

' by fits) ſhew, and follow the time, if dude 0ank” 

_ ged, as the Hand of a well-going Pendulum-Watch 
indicates the hour; that 1s to fay, it-tells you the 

| preſent minute, and. quarter of a minute, when- 
Ever You are pleaſed: to look, as well as any other, 

| paſt, or to come.. - 


CHAP. II. 
A De ſeri ption of the I nſtrument. 


LS —— 


He contriv ance of this Inſtrument conſiſts. . 
in making a very large Horizontal Dial, adap- 
ted to your proper Latitude, and capable of i recei-- 
ving diviſions into minutes, and'/parts of a-minute, 
fitted with a large, ſtrong, and: double: Gnomon ; T 
call that a double Gnomon: that caſts the morni 
ſhadow from its Weſtern-edge, and the afternoon-- 
ſhadow from its Eaftern-edge, and the noon-ſha-- 
dow by its thicknefs:. This Dal is to be furniſhed. 
with two-pair. of Sights or Rulers; one to ſerve in. 
the morning;or for.Stars on the Faſtern-ſide of the 
Yeridian; tother to-ſerve in the afternoon, or for 
Stars.on. the Weſtern-ſide of the Meridian. Each 
of: theſe pair conſiſts. of two movable Rulers, one 
IT will call the Horizontal-Ruler, . tother the Gnome-- 
nick-Ruler, or Stil--Ruler, Theſe two-Rylers are to- 
be. ſo adapted, that their two.edges that: are. next: 
the l 
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"*— . " Sekthapowin' Teleſepicum.. - 

hs 'Gnomen, maybe perpetually in the ſame plane 
with'each other, and-at the time of obſervation, 
that'they both .may be: in” the ſame plane with 
their - correſpondent edge. of the Gnomon. On' the 
Stile-Ruler are fixt Teleſcopick Sights, and the croſs 
hairs in their due place. Butall this will be made 
Plainer by the firſt Figure, in which I ſhall repre- 
ſert that Inſtrament which by my directions was 
made in London in the Summer 1685 by Richard 
Whitehead Math. Inſt. Maker, who took the dire- 

tions from my ſelf, but made the Inſtrument in 
- my ablence. 

The firſt Figure repreſents the Inſtrument im 
Perſpective, having one Pair of its Rulers in a po- 
ſtare of obſervation; tother pair lying careleſly 
on the-plane of the Dial. "Tis a large Octogonal 
Brais-plate, clear'd in the middle, except only the 
croſs-bars zzz of the ſame piece with the Plate, 
left for-ſtrengthning the Inſtrament, and rece1- 
ving the Stile, the Plate is of a moderate thickneſs 
about "5 of an inch, the Diameter- of the largeſt 


circle it receives is 18 inches, 'tis ſupported from 
the plane on which it ſta11ds about three quarters 
of an inch'by three braſs-feet 2. 2. 2. the bredth of 
the limb for receiving the Figures and Diyiſtons, 
1 2 * inches. The thicknebs or- bredth of the face 


| of the Stile mal b 1 is. 7 of ananclr. The Diviſions 


actually, expreſſed upon it are. hour 5, half hours, 
quarters, try 7e minutes, ninutes, and half minutes; 
| and - 


ws —_— " 


""Siatherfctur Teleſeofan,.. "S 
and one may eaſily jadge of the third part of an 
half minute, that is, 10 ſeconds. Down along the 
face of the Stile (ſome perhaps will call it the . 
back of the Cock) there runs a deep Groove, to 
receive the ſcrew m. {. which ſcrew, by turning 
the handle n, raiſes and lets down the Nut o p, on 
which the Stile-Ruler ef reſts, and is thereby rai- 
{ed and let down, as the Sun or Star requires. This 
Nat 0p is furniſh'd with a Return'd Fork, meer- 
ly to keep the Stile-Ruler from an accidental fall, 

if any thing ſhould chance to move 1t rudely. 
But I ſhall deſcribe this Nut o.p. preſently by it 
ſelf. The ſcrew m. /. is fixt both at top m and 
bottom 7, ſo that it only is to be turn'd round by 
the handle n. the Stile is fixt moſt ſtrongly by the - 
ſcrews, gq. r. I come next to deſcribe the Rulers, 
and 'for the Horizontal Ruler c d, this turns: 
moſt truly upon the Center of the hour-lines and. 
diviſions at &, and has fo much of the root of the 
Stile clear'd off, as its thickneſs requires to permit- 
its motion freely ; the line c d of this Ruler croſ- 

ſes the Center moſt exactly, and the edge cd is 
neatly cypher'd off (as the Workmen call it.) 
Wherefore the right line 4b of the Stile, and the 
line of the under-edge of the Horizontal Ruker c d, 

meeting, and croſling perpetually in the ſame 
point &, they ſhall be always in the ſame plain, | 
(by Prop, 2. Eucl:; 11. Book.) Y 

To the other end of this Horizontal Ruler there | 
CG... --: 
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is attapted the Stile-Ruler e rg whictr 4M means'ef 
the joynt yz y.{(which T ſhall-deſcribe by it felf = 
obeys two ſeveral motions, viz. one upwards an 

downwards, as govern 'd by the Nut and ſerew 
on the Stile ; and. tother Eaſtward and Weſt- 
ward, according to the Atimath, or-as'it follows 
the Horizontal Ruler. And in theſe two motions, 

_ tis ſo contrived, that the line c 4and ef may per- 
| petually croſs each -other in one and the fime 
. Center at y. Hence it comes to-paſs, that' the 
vight line cd, and the right line ef, are always in 
the ſame plain. Wherefore laying the line ef 


_ to theedye of the Stile, the three lines ab, cd;ef, 


are 1n the ſame plain; and conſequently dire&- 
ing; the line ef to the Center of the Sun, the edge 
| of the Gnomon, and theedges c dand ef of the Ru- 
lers are in the plain of the ſhadow ; and there- 
fore the Ruler cd cuts the. diviſion | on the limb 
of the. Dial-Plate, where the ſhadow would cut 

To the Stile-Raler are fixt, the Eye-glaſs at h, 

- the Ring that carries the croſs hairs at 2, and the 
Objeft-glaſs at i; The manner of adjuſting all: 
which, I ſhall ſhew preſently. 

But I muſtnot forget to mention the Artificer,. 
whoſe hands were imploy'd in this Inſtrument, 
Mr. Richard Whitehead living in Gunpowder-Alley in 
Shoo-Lane, by Fleetſtreet, London, a moſt exatt and: 
qratul Workman, of whoſe skall and curiolity in. 


making 


"dra Loltcrmanty Hamza T 
tharn'this one inſtance; And TI dare venture 'ta 
recommend any Gentleman to him, as a moſt EX 
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CHAP. IV. 
Of the Stile-Nut, and Ruler-Joynt. 


N the foregoing Chapter I have ceeaidia a 
particular deſcription of ſome of the fores 
mentioned parts belonging to this contrivance;z 
and firſt of the Nut op (Fig. 1.) This I have res 4 
preſented by it {elf in Fig. 2. 5s 1s the Stide-ferew b 
paſſing through the Nut n, which is lined with - | 
a female-ſcrew ; this Nut ſlides in the Groove as 
long the face of the Gnomon, 1o that the whole 
thickneſs of. the ſcrew -lies under the ſaid face: 
pp are two arms that claſp the Stile tomake the 
motion * of this Nut more even an ſteady: 
f 4b is the Return'd Fork. to keep' the; Rulers; 
when they are ſupported on this Nut, fron any 
accidental fall, and is very uſeful when the Ho- 
7izontal Ruler is. removed far from the Meridian) 
And leaſt at any time, either of the Returns a by 
may'{tand in the way of either of the Rulers mo- 
tions, the parts a bare movable at 4 by a riveted 
Joynt, and may be turn'd clearly downward Fe 
2 0 


| | + PARTE al Ai thaniadety be txt 


z\mall'gentle ſpring, that may lightly b bear the 
_ edge of the Ruler conſtantly to the edge of the 

" Stile; but this contrivance is not on my Inſtru- 
ment, though it may be eaſily added. \ 

- The ſeveral parts of the Ruler-joynt (whi:h in- 
deed 1s the moſt curious piece of Mechanicks a- 
bout the whole Inſtrument, and on which the 
whole affair does chiefly depend) are repreſented 
all apart in Figures by themſelves. Fig. 3. ſhews 
the outward-end of the Horizontal Ruler, aaa are 
the holes that admit the ferews which faſten it 
to'the other parts of the joyntt, particularly to 
the ſocket ſhewn m Fig. 5,6, 7, 8. at aaa, Fig. 4. 
ſhews the other end of the Horizonta/Ruler,where 
it turns on the Pin in the Center of the Dial at 
the root of the Stile (at k Fig. 1.) 

. Fig. 5. expreſſes the appearance of the joynt; 
when diſcover'd of Fig. 3. ,ih1 isa perfe&t hinge, 
the Center of whoſe motion 1s in the line f þ, 11s 
that part of the hinge belonging to the Ruler, 
_ hb that part belonging to the Tumbler or Nut 
exprefled in Fig. 7. þhh. aaa the ſocket wherein | 
the Tumbler h þ 4 moves round and truly on the 
Center at middle h, which alſo is.in the Center 
of the hinges motion. This ſocket a aa is repre- 
lented in F:g.8. bb are the ſcrew-holes for the 

F<; and Snout of the Eye-glaſs. 
- Fg 6 ſhews. the under-lide of Fig. 5, where the 


ſame 


Sea TK, 


fame-parts: 
the round Pin of the ſame piece with'the Nut: 
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hbþ: This is more plain in Fig. 7, this Pin - 


' turns truly in the hole of the ſocket c in Fig. $. 


whilſt the Nut h + þ of F:g.-7. reſts and turns on ].. 


the bottom of the ſaid : ket bÞb Fig. 8. This 


Nat is kept cloſe in the ſocket, and there made 


to. move ſteadily. and truly by the Pin e and 
fpringing Plate d Fig. 6. and 9, which Pin e patles 


. .. over the Plate d mn the Pin of the Nat c, 


DCC 


| Ca AP. Y. 
.|Of the Teleſcopick Sights, and their true Adjuſting. 


Or the true adjuſting of the Teleſeopick Sights | 
bh g i(Fig. x.) to the Stile-Ruler ef, there = 
- three things requiſite. But firſt I mult adv 
that the Stile-Ruler ef ought to. be fo Fes 
ned, that as it reſts on the Nut o p, it may not at 
al bend, but that the line ef may be one right 
| lineas nigh as poſſible. But in this particular the 
_ greateſt nicenels is. not requiſite, for if the Ruler 
chance a little to deviate from: its exact ſtraight- 
neſs, I ſhall ſhew a way of reQifying the error 
by the croſs-hairs or Menſurator. 
The firſt thing requiſite to the placing of the 
a: Sights 1s, that the ring g, that carries 
the” 
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diſtance'is to-be exactly-the totat length iof the 
Obkdtglaſs ; but that we may' get this total 
met more accurately than by-any-admealure- 
meiit, the Eye-glaG and Objec-glats being adap- 
ted: together, and. placing 'the Menſarator in the 
ring - between the Objett-glaſs and Eye-glaſs at 
the diſtance'of the Focus of the-ſaid Eye-glaſs, let 
us look at:fome object diſtant 4 org miles, and. 
moving your eye before the Eye-glaſs, obſerve 
whether the Menſurator ſeems to move upon the” 
ſaid obje&t; for if 1tdo, then the Menſurator is not 
at its exact diſtance from the Obje&t-glafs, but 
the Obje&-glas is to be removed farther or nigh- 
er, till the eye-looking at 1ſach a diſtant object, 
and. moving before the Eye-glals, perceives 'the 
Manſarator as it were fixt and immovable on the 
object. If in raiſing the eye, the object ſeem to 
fall down on the Menſurator, or in deprefling the 
eye, the obje& ſeem to riſe on the Menſurator, then 
is the Obk&-glals too nigh the Menſarator. But if 
i railing the eye; the object ſeem to riſe on the 
Menſurator ;' or in'depreſjing the eye, the vbje&t 
feern to fall on the Menſurator, then is the ObjeA- 
. glaſs too-far from the Menſurator. All which will 
be evident from the 10 F:5: wherein let A B be a 
diſtantobje&t, whoſe middle point C is projected 
by the Object-glaſs D at &, let: mn i be the Mer- 
SEEN | | ſurator 
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furator to: whichithe Object- wy 19 _— and 
fr 4 the Menfarator from: w_ the tz 
is too far, e,f, z, the-eye placed at three different 
| poſtures; in caſe of the firſt menſarator, if the e 
riſe from e'to f 1t perceives the-/point kdeprefied: 
from r'to þ; or if theeye fall from-e!tv », it —_ 
 ceives'the point k raiſed fronv\r to; and here the: 
menſurator 1s too nigh the Objedt-elals. Bat in cafe 
_ of the fecond Menſurator, if the eye riſe from e to: 
f, the point k teems to rife on the-/Henſurator from: 
3 to'7; or if the eye fall from e to g, it perceives 
the point & fallen from 2 tos, and 1n thiseale the 
| Menſurator is too diſtant from the Obpect-glafs,. 
| bat if the menſurator be exactly mm the Focus at k, 
let the eye rife or fall; the menſurator ſeems fixt 
and fteddy upon the object. And this'is the firſt 
thing requiſite\ to the adjuſting of theſe Sights.. 
This Aﬀair is uſually to well adjuſted by.the: 
Workmen, and when-once adjuſted, is never-al-+ 
terable, that T need ſhew no-way of providing - 
for it. But in ſhort, it may eaſily be provided. 
for, by making the holes for the ſcrews, that fixt 
the Object-glaſs-ring to the Stile-Rajer, long ſlits, - 
. ſoas to ſlip forwards and backwards on the necks 
of the ſcrews; and when the Object-glaſs is at its 
right poſture, the Kerew-Drogkaney. Pac and fix. 
the Ring ſteddily, | q F 
Fhenext nobaaenc is, that the ling of, PP leet 
| from the os urator through. the Obfect-glals, a0 : 
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eyed: to the lie of of the 
Stile-Ruter. This alk confiſts in two man-, 


' ner of ways, firſt, that the menſurator be neither 


more to the right or left-hand than requiſite; or 


ſecondly, that it be neither higher or lower than: , 


it ought. The firſt error makes the Azimuths be 
ſhewn falſe, and the ſecond-error makes the AL 
titudes be fſhewn falſe: but an Hor:zontal Dial tells 
the time by both Altitude and Azimuth; therefore 
both theſe are to be taken care of. 

- And firſt for the Fabrick of the Ring #, that 
carries the menſurator ; this 1s ſo to be order'd, that 
firſt the Ring may be moved more to the right 
or left-hand, and Shine to be fixt; and ſecondly, 


_ that the menſurator may be raiſed or depreſſed ac- 


cording as'is requiſite, and there fixt. The firſt is 


_ . obtaind by making the holes for the ſcrews, 
whereby this Ring is fixt to the Stile-Ruler, 


long ſlits, fo that they may ſlip on the. necks of 
the ſcrews before the Eye-glaſs, and when they 
are in their right poſture, may 'be pinched cloſe 
by the ſcrew-heads, and there fixt. Thus there- 
fore we give the menſurator a motion to the right 


or left-hand, by: which 'tis brought to ſhew the. 


Azimuth right, as I ſhalldeclare preſently. Next, 
that the menſurator may be raiſed or depreſied, in- 


- + ſicad of croſs-hairs in the Ring, let :there be. 


ed therein''# very ſtrong Sck-noodle; ;that 
may end 3 ina moſtfine ſlender point: this needle | 
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Is to'be a:ſerew almoſt its whole lengthi nigh-to 
is ſmaller end, | and to be: ſcrew 'd-through the 
top of the Ririg-s, ſo that its: ſmaller end may: 
pals. through: the center of the:Ring; by ſcrewing 
or unſcrewing of this Needle, we depreſs or raiſe 
its fine pointin the Ring. And thus mach for 
the contrivance or Fabrick of the Ring. 
I come now to ſhew the way of managing theſe 
two: motions 1n the. Menſurator, 1o as to bring it 
to its tru2 poſture, and there fix it. And firſt for: 
rectifying the Menſurator ſo as to ſhew the true 
Azimuth, There are two manner of ways for do- 
ing this. The firſt is more troubleſome and tedi- 
_ ous, but: being moſt univerſal to the fixing of 
. Teleſcopick Sights on all Rulers, I ſhall here deſcribe 
it. In Fig. 11. let ABCD repreſent a Ruler, whoſe 
_ edge or fide AC is exattly parallel to its {ide BD. 
To make a Ruler thus parallel, 1s not difficult to 
a good Artificer ; but I ſhall ſhew how to try 
whether theſe {xdes are parallel or not.  Z is the 
Objett-glaſs, F the Menſurator, G-the Eye-glaſs. 
On a plain Board ſtrike two round Braſs-pins, as 
ſuppoſe at H and 1, to theſe apply the fide of the 
Ruler BD, 1o as 1t may reſt againſt the pins, which - 
are therefore not clearly buried into the Board, 
but ſtand out about - of an inch: then look 


through the Glaſſes, and obſerve where the men- 
Jarator falls on an object diſtant a mile or two. 
Then. remove the Ruler, and apply its other 
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Gde AC t6:the other fide of the pits ar, and ob- 
ferve whether the menfurator falls on the ſame 
point of the object as before. If it do ſo, then are 
the ſides of the Ruler AC, BD parallel; if nor, 
then the fades are not parallel. The reaſon that 
© remote an object muſt be choſen, is, that the 
bredth of the Ruler may ſubſend an inconſidera- 
ble Angle in a circle, whoſe Radius is the di- 
ftance. of the object. Having found the ſides: 
of the Ruler to. be parallel, the next thing is, to 
make the line of S$:ght; or line of C dlimation LK. 
parallel to theſe {ides, for therein conſiſts the firſt- 
rectification of our Stilz-Ruler. The method of do- - 
ing this: is nuch the ſame with what immediate- 
ly precedes, but requires another diſpoſition of 
our pins ; for now we are toraiſe our plain Board 
fo as to-ſtand edge-wiſe, nigh: perpendicular to. 
the Horizon, and the pins muſt ſtand an- inch or- 
more out from the Board, almoſt parallel to the- 
Horizon; then" reſting the needs of the Ruler- 
on the a and applying its edge to the plain: 
Board',. obſerve the point of a remote object 
wh the menſurator falls; in this poſture the 
Glaſſes\ uppermoſt, .or on the upper-{ide of 
the Ruler, and ovyer-look the pins.. Then remove 
the Ruter, and hang the other ſide thereof on the 
- pins, that now the Glaſſes may be on the under-. 
- ide the Ruler, or under-look the pins, and reſting. 
the mp againlt the __U— Board, obſerve — 
ther- 


 Seiathericumn Teleſeapicunt, | 
ther the menſurator fall on the ſame point. as be- 
' fore; if itdo, then is the line of 'Colkwation LK pa 
rallel to the ſides AC, BD; if :it do not, but Pack 


to the right-hand apparently of the ſaid object, 
then is the menſurator to be removed (by means of 


. the ſcrews and lits in its Ring) to the left-hand+ 


| the contrary requiring the contrary. And thus 


by frequent repetitions and trials we at-laſt bring 
all torights. The moſt convenient Board or Ta- 
ble for this Operation, is a Surveyors Plain-table; 
for theſe being uſually made true and readily and 
ſteddily obeyingall motions and poſtures,and are 
ealily fixt thereat ; they are to be choſen before 
any Hon Note alſo that the pins to be uſed 
with this or ſuch like Table, are to be ſtrong 
braſs-wire, which having its roundneſs from its 
drawing, is ſure to have its ſides parallel By this 
method,the line of fight of any Cylindricalor ſquare 
Teleſcope may be made to run parallel toits lides, 
for finding the Declinationof the Magnet accord- 
ing to the methods lately propofed by Aon/reur 
Hautefeville, and Ad: Da agr 11 the Journal des 
Scavans 23. Aug. 1683. and in the Ada Liphe, An. 
1684. menſ. Decemb, and for want of this method, 
what Mn Sturmius ſays in the foreſaid Ad. Lip. 
' pag. 579. 1s very detective. For thus he, Sola tubs 
hcatio ut axis viſtonis per medias lentes excurrens me= 
ridiane linee exatte reſpondeat difficultatis quippiam ha- 
bere wvidebatur, verum of huic infirmitat! preſens, utt 

D 2 credo, 
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eredo, inventum eft remedium, 5c. And the remedy 
he'tell us'is; that'the-Zibe/be made a parallelips 
ped) of Wood 'or Bras; for then, 'fays he, apply- 
ing the ſide of your Tube to the meridian line, the 
Axis of vifon will be parallel to the ſaid meridian 
Jie.” But I nuaſt crave leave to.deny this, unleſs 
firſt it'be re&ified; 1o that this 4x15 runs parallel 
to the ſide of the Tube, which he was not aware 
"of: and this 1s to. he done by the method I have 
ju{t.now: propoſed, winch ſerves-likewile in ma- 
| tay: other Occaſions, Experiments and Pradtiſes; 
wherein a Ruler with Teleſcopick Sights is requi- 
/ The'ſecond methoJ for effefting this ſaid re- 
Etification,: is more ealily-applicable to our Drag, 
. and withal is ſufficiently accurate, as:doing the 
buſineſs to ro" or x5; ſeconds of tume-at utmoſt; 
and by a careful and curious eye; may doit to halt 
that or lefs.' Place the Dzal fobefore the Sun, that 
as nigh as poſlibly the eye: can judge, the Gnomon 
may be equally. enlightned on both fides, that is, 
that: the ſhadow: of the Stile may fall exactly on 
 22-a Clock, or the meridian line of the Dial. Fhis 
perhaps;will be faid by ſome to be no fair pro+ 
ceeding, becaule in: this. we cannot. tell where the 
ſhadow does exactly determine, and that.this be- - 
ing one' of the inconventences. our. N:atpretends 
to remedy, if we: rectify our Dial by ſuppoſing we 
candeterminethat; & if afterwards we determine. 
b vi | that 
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circle in Argumentation,but yet I fay;they that will: 
try it; will find it: otherwiſe ; for I can place the: 


Dial fo, that the ſhadow from the thickneſs of: 


the Stile, or at leaſt the Penumbra from both. the. 
Stiles edges, ſhall ſo equally, fall upon -the-12 a: 
Clock-lines, that 10 ſeconds of time, or le, ſhall. - 


ſenſibly alter the equality. .And 'tis not the ſame 


caſe in telling when: this. ſhadow comes to an 
equality on both the 12 a Clock-lines, as in tel 
ling when the ſhadow of one: of the ſingle edges 
of the Gnomon comes to any of the other hour-lines, 
For in the firſt caſe I am only toJjudge by compa-- 
riſon, wh2n the ſhadow is-come as much to one of 
the 12 a Clock-lines as to th'other; but in the 
latter caſe I am to judge poſitively without com- 
pariſon. Wherefore having the Dial in this po- 
{ture, bring the Horizontal and Stile-Rulers jult to: 


124 Clock on the-Dial-Plate, and obſerve whether 


your Menſurator divide the Sun equally. into an; 


Eaſtern and Weſtern half; if it do-1o, then is your: 


Menſurator. right ; if not, - the menſurator 15'to be: 
moved ſomething to. the right ox left hand, as 1s 
requiſite, till at laſt by frequent. repetitions and. 
tryals we obtain gur deſire. And thus much ſhall 


1uffice concerning the rectification. of the menſu-. 
 rator to the right or lef thand,. 10.as toſhew the- 


Azimuths truly. I ſhall only take notice, that: 
when one pair of the Rulers is rectified, the other: 
of" | 
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. pair is ay rectified by chorley thr i bilag the 
rectified pair to the 124 Clock-line on the Dial, 
and move the whole body of the Dal, till you 
get the center of the dn or any Star on the men- 
Farator, then immediately, bring the unrectified 
pair-of Rulers to the 12 a Clock-line on their ſide, 
and if the Sun or Star be not exactly on the men- 
ſurator on this-pair, the Menſurator is falſe, and. 
muſt be rectified, as is requiſite : but this be- 
2ng plain. to the meaneſt capacity verſed in 
theſe matters, 1 ſhall inſiſt no longer there- 
ON. 
- But I proceed to the other Redification of the 
Menſurator for rightly telling the Altitudes, as I 
| have ſaid before. And tho there be not ſo very 
. great exactneſs required herein, eſpecially in 
telling the time by the Sun or Stars when nigh 
the Meridian ; yet a groſs error herein muſt not 
be allow'd. This likewiſe 1s to be performed 
much after the fame method with the former 
_ Rectifications, for tis but contriving ſome way 
"\for inverting the Ruler, ſo that its errors of this 
kind may be perceived, as by our former Inver- 
fions we diſcovered the errors of another kind. 
But to make this a little more plain, this error 
conſiſts in the line of Sight not running parallel 
with the under-f{ide of the Ruler ; wherefore if we 
_ have — ppoſe) a Deal-board whoſe two faces are 
exactly _—_ and this Eoard be raiſed and fixt 
{0 


} 


fo as to lye ſteddily along one of its edges, and 
on each face of the Board there were a ledge to 
ſupport the Ruler ; 'and the Ruler be applyed by 
its under-fide to one face of the Board, and the- 
object marked out by the Menſurator, diligently: 
obſerved; and then” the Ruler applyed by the: 
ſame under-ſide to. the other face of the Board :: 
If the ſame object be now cut as formerly, 
ly, all is right; if not, the Menſarator (being ſuch 
_ as Thave formerly deſcribed). muſt be ſcrew'd or 
unſcrew'd, fo that the fine point thereof may be- 
tower or higher in the Ring, according as is re-. 
quiſite. ; 
Another more eaſy way of diſcovering and 
rectifying this Error to ſufficient accuracy, is 
thus: After you have by the former methods. 
brought the Menſurator, and thereby the Ruler, to. 
ſhew the true Azimuth; obſerve the time by the 
Dial when the Sun is very far removed from the- 
Meridian, as early in the morning; and at the ſame 
time obſerve by a good Pendulum Clock the hour, 
minute, and ſecond ; and note the difference be-. 
tween the Dral and Clock. Proceed thus to make 
an obſervation every quarter of an hour through 
the whole morning, ſtill noting the differences :- 
And becauſe we may well ſuppoſe that a good 
| Pendulum Clock in ſo ſhort a courſe of time' goes 
equally, theſe differences ſhould be always equal; 
but if they are unequal, then the Menſurator fhews 
the 
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the Altitudes falſely,” As for inſtance, fup poſe- 'Y 
find that approaching towards Noon' theſe :dif- 
ferences decreaſe, then does the Menſirator on the 
« Teleſcopick Ruler ſhew the Altitudes too little, and 
therefore muſt be arder'd 10 as to ſhew them 
more: if Ifind them inereaſe, the contrary is to 

be done. The reaſon of this is plain, for an He-' 
#1izontal Dial ſhews the time as well by the Altitudes 
as Azimuths; but as the time approaches towards 
Noon, the Attitudes are leſs concern'd inthe mat- 

ter than the Azimuths; and fo lefs. and lefs, till 
Juſt at Noon the time is not at all ſhewn by the 
Altitude, but ſolely by 1 the Azimuth. And conſe- 
quently, if there be any error in the time ari- 
ſing from a falſe Altitude, it will appear by com- 

| paring two times or more together; ſome, where- 
- in the Al/titzdes are much concern, and others, 
wherein the Altitudes are little or not at all con- 
cern'd; bat ſuch times are, early in Re gor_ng 

and towards noon. 


, CHA IT. 
The Way of Setting this Dial. 


\1O the true Setting of this Dzal, there are 
two things requiſite ; Firſt, that the plain 
of the Dial be in an exact Horizontal poſture, this 


1s 


"PAT 


is eaſily obtain'd by accurate << cad Ch are Fre | 
 corimon; that-Fſhall' mention nothing; further 
hereof, "The lecond requiſite is, that the meridi, 
an or 12 & Clock-line of the Dial be in an exact 
meridian line. This indeed 1s one of the chief par- 
ticulars that we are to take care of, for 'thereon 
depends the accuracy of the whole. But that we 
may not over-turn or neglect the whole affair for 
the difficulty of this one particular, I ſhall ſhew 
that this is no ſuch inſuperable hardſhip as may 
be imagin'd. Let us therefore consider, that what 
is here alledged as a difficulty in this Dial, may as 
. well be made againſt the large Azimuthal Quadrants 
uſed by Aftronomers,'and. their obſervations of me- 
ridional Altitudes, ahd tranſits through the Meridian; 
Ricciolis Triangulum Filare . deſcribed Alma 
Lib. 5. Cap. * Probl 8. and all Enquiries a woo 
fe ih of the Magnet are to:no purpoſe; for 
theſe wholly proceed? on the diſcovery of an! ex 
at meridian line.” And indeed there are ways ſuf- 
ficiently accurate deſcribed by ſeveral for finding 
the true meridian. Amongſt others, Hevelius in 
the firſt Part UF Nis Pacbina Caleftis, Chaps. 15, has 
many contrivances: And I ſhall preſently 1et 
down an Inſtrument and way of my own for 
doing it, inferior, I think, to none. But let us a 
little « consider, how much a meridian line muſt be 
erronious, to make a true Dial apply toit toerr 
a minute in time; and this in our /atitude of Dablin 
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err a minute in'time about.noon; and for ſo ninth 
error ihn'the meridian; line the Dial ſhall err.lefs 
than a minute in brine about 5 and 6 a Clock, as . 
is manifeſt to thoſe that indeetdand darn 
hour diſtances for an Horizontal plain,;..Now 'tis a 
very rude way indeed that will not take a meri- 
dian line more accurately tnan to half or quar- 
Ter 12 minutes error. - 

- Brit laſt of all, (clearly to take off this. difficul.- 
ty,) if it be'allowed that-there is any molt accu- 
rate way of telling the time of day -or:night, as 
by the A/titude of the San or'Stars taken by large | 
and curious Inſtruments, and Calculating there- 
by ; F-fay, by fach'a-way as. this I will {et my 
Dial, and then ſurely it will be granted tobe in 
a true Meridian. And-perhaps this very hint may 
ſhew as accurate a way as any in the World for 
finding a meridian line; for, the-12 a Glock line of 
a large and true D:al that 1s Set by ſach an accu- 
rate obſervation muſt needs lye in a true meri- 
dian line.-:- ci - 

"oy I am mindful of my Prremiſh Viz. 


"Mn ral minutes of a Ges a to make the Dial © 
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4 Wt CHAP. VIL. 
[1 "Ie For Finding a Mexzbts Toke: 


His is ; perform d by - means of the Inſtru- 
ment repreſented Fig. 12. ABC is a Trian- 
git 


(That which T have made. is of Wood, but a. 


zood Mathematical-Inſtrament-maker would 


make one much better of Braſs.) 4B I call the 


Perpendicular ſide, BC the Horizontal ſide; in the 


end: of the Horizontal fide at E: there is a ſcrew, 
_ and from the. faid Herizontal fide: there ſtrikes out 


a ſhort arm D, 1 which allo: there is a ſcrew ; 
this arm D keeps the Inftrament fteddy from 
tottering. By means of. thete two ſcrews at Dand 
E, the ſide AB is brought to its:exaCt perpendicu- 


larity; : but eſpecially by means of the {crew D, 


the edge zz of the fide AB is brought to ſtand 
exactly in the lame Vertical plain with' the edge 
mn of thefide BC, and this -by help of a Plum- 
line-.:F1s aplate of Braſs, having in it a center- 
hoie in theline m,n continued: G 1s a round, ſlen- 
_ der; but. ftrong Braſ-pin ariſing, perpendicularly 
from the face mn. ' 1,2,3,4,5, 4&i;arexound Braſs- 


pins that riſe and-ſtzek-out 4rom'the face zz, at | 
what diſtances we pleaſe. : This. Inſtrament be- ' 


_ on truly on.an exquilite Horizontal plain, 
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1o that its end E may ſomething over-ſtretch the og. 


plain; and turning fteddily-on-a pin-in the-cen- 
ter-hole F, lay a. Ruler ianiad with Teleſcopic 
Sights over the pin G, and any of the other 1, 2, 3, 
ec. as is found moſt convenient and agreeable to 
the Altitude of the Sun or Stars you obſerve by, at 
convenient times both before and after Noon. 
'Tis therefore requiſite that in the under-$ide of 
your: Teleſcopick Ruler towards the end next the 
eye, there be fixt a pin, that reſting an the pin'G 
may keep the Ruler from flipping down in this 
declining poſture. Let us then ſuppoſe that- a- 
| bont 9 a Clock in the morning on: the: Summer 
bc the Teleſcopick Ruler . reſting on the pin G,, 
the third pin in the perpendicular s:de takes 
he Suns Altitude exactly, then on the Horizontal 
' phain draw a line along the face m, n. Again, let 
ns ſuppoſe that” the Ruler removed upwards to 
the fourth pin,'and there reſting, takes the Suns 
Altitude the fame morning about half an hour af- 
ter 9; then by the face mn let us draw another 
line on the Horizontal plain, and fo let us proceed 
to elevate the Ruler on other pins, 'to make-ob- 
Fervations at r0,at half an hour after ro the ſame 


morning,ſtill drawing lines on the Horizontal plain - 


at each obſervation. | 
| Then again in the aſhevtionn let us deſcend by 
- the ſame 1teps or pins, -by which we riſe in the 
nOEENg, <1 gently vg when the . Sun 
comes 
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comes to the correſponding Altitudes, and dray- 


ing lines as before. Here we ſhall have three or 


four obſervations made in the morning, and as 


many in the afternoon. Then A theſe An- 


les trom the point F, if all their b:ſef0ns are co- 


' incident in the ſame Tight line, we are ſure that 


Iine is a true meridian line. : 
What 1s here faid of the Sun, and of obſerving 


' by it at the Summer office, may be accommoda- 
. ted tothe taking a meridian line at any time of the 
year by ſome fixt Stars, that being removed a- J# 
; bout > or 3 hours from the Meridian, have Alti-. 

tude convenient ; though 11 chooſing: of a-great 
Altitude there is no great nicety;; for if Kefrabtion 


dointerpole in the morning-obſervation, it mter- 
poſes as much in the afternoon-obſervation ; ſo 


| that 'tis as if it did not interpole at all. And 


here we- have.a way of finding a Meridian line 
by the Stars at night, which is of no ſmall advan- 


. tage, they being not ſabj& to ſudden alteration 


of their Declination, and conſequently this me- 
thod may be practiſed at all times of the year.- 
And indeed if weare careful to have all things 


exact, viz. an exact Horizontal plain, the face zz 
An an 'exatt Vertical with the face mn, the Teleſco- 


pick Ruler and its Sights exadly adjuſted by the 
methods in the foregoing 5th Chapt. and be very 
diligent and accurate in obſerving the true A4ltr- 
_ this method of finding a meridian line will 


" appear 
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2 ul inferior to none that has yet been' prope? | 
ed 

'Such'a plain Tele r go Ruler as is expreſled in 
the x 1th. Figure, of a convenient engl, is ſuffi- | 
cient in this practice. | 


on, 


CHAP. VII . 


2 T, he . Manner of obſerving the Time, and exattly deter 
ming it by the Sun or Stars. 


| A LL: things being rightly adjuſted, and the 
po 


Dial placed in an exa& level or Horizontal 

ure, and by a true meridian line, look at the Sun 

- through the 7 el:ſcopick or Stile-Ruler,and bring the 

Menſurator upon the Suns center, then ſhall the 

Horizontal Ruler cut the hour, minute, and part of 

* a minute moſt exactly. But for Setting, or find- 

ing the error of a Clock, the beſt way is to bring 

the Horizontal Ruler to ſome fall Diviſion, as, to 

ſome compleat minute; and by rightly managing 

the Sle-ſcrew and Nut, and Stre-Ruler, obſerve 

when the center of the Sun and Menſurator come 

together, for that 15 the exact time to-which you 

placed the Himzontal Ruler. And indeed throngh 

| He Teleſcopick Sights we ſhall perceive the motion 
- ..+ © of the Sun ſovery quick, that we may determine 
| Its HE on and oft the menſurator to'2 beats of a 
forma 


ſecond Pendulum. So that if it be 
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Wn dulum. So that if it be granted me that 
Tcan bring and ſettle the Horizontal-Ruler.to a full 
diviſion exattly, and not” to err in placing it” 
thereat over 3, 5, or 7 ſeconds, I can determine 
the time of day or night to'3, 5, or 7 ſeconds. But- 
if this great exaftneſs will not be allow'd me, I 
fay it is not' on the account of any fault in the 
Theory of this contrivance, which I dare aſſert & 
be moſt accurate in it ſelf, but on the account of 
the workmanſhip or deficiency. of ſome of its 
_ parts. And that ſtrikes not at the Inventer ; let 
thoſe that uſe them, and adjuſt them, look to 
their truneſfs in all particulars. TH : 
The way of uſing this Dialat the Stars by night 
'18 much the ſame, only for theſe there are requi- 
ſite the Tables, at the end of this* Book, of the 
Sun and Stars temporary R:ght Aſcenſions. In look- 
ing at, or obſerving a Star through the T eleſcopick 
Ruler, the Horizontal Ruler cats the ſaid Stars hora- 
ry diſtance from the Meridian, but then the hours 
are to be counted by the ſmaller Figures on the 
in-ſide of the lYmb. Thus, ſuppoſe I obſerve a 
Star, and find the Horizontal Ruler cut the ten a 
Clock line to which the great Figure of X is af- 
fixt, the horary diſtance of that Star from the Me- 
ridian is 22 hours, that is, twenty two hours are 
elapſed fince that Star was laft in our meridian, 
though really the Star be but 2 hours to the Eaſt 
of our meridian, This premiſed; the'great mw 
| us 3 NG tor 
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£ Gs Es ele Hloſcopicum. | | 
Fe eating the rime by the Stars is this; To the 
Stars horary diſtance from the meridian,” add the Stars 
| Femporary Rl Ae ron,and from the Sum ſubſtratt the 
Suns Right Aſcenſion, the remainder (rejefting 24. hours 
if need Eat wes the hour, minute, oc. of the : eee 
I hall eclare this by an Example. Anno 906. 
April the 5th. between 9 and 10 a Clock at night 
I defire to know the exaft time. I obſerve by 
 SpicaVirgims, and find pops” its horary diſtance 
from the meridian 22 ig", The temporar 
| Right Aſcenſion of that Star for that year is, 1 3. 
o8*. 46, this added to the foreſaid horary diſtance, 
the " oth is 35h. 12.01. At the ſame time the. 
Suns place 15 Y. 26? 13' _Y Therefore its Right 
Acer 70n in time by the following Tables, 1s 1 þ. 
—aF. A, 74. this-ſub p _ wm \pe- foreſaid _ 
(and r 24 hours) leaves 9 ", the 
co rein _ The reaſon Et es 
tion of this. method depends on Aſtronomical 
Principles, which at preſent T muſt not undertake 
| to illuſtrate, but are obvious. enough: to thoſe 
- that are verſed in that Science, and will be very 
plain to thoſe that conſider the way, of Calcula- 
ting the hour of the night. Dy fp Altitude of a Star 
given, according to. the mo Learned and Inge- 
nious. Pere Tacquets Illoſtration thereof 3 in thus A 
Ys Libs. Cap. 4 Num. 4.5. 
: And though there are other ways of ordering 
the foregoing ata, for getting the hour of -_ 


_— 


ny A: As _ arias as.” 
bf een 5 ab. the $avjm PIT) T 
- But hereF muſt not omit one particular, aid 
thatis, thatby our preſent contrivance, the Right 
Aſcenſion,” or place'in the Xquator of any Star, is: 
moſt 'eafily' and accurately' obtained. How dif- 
ficult and tr roubleſome * tis to obtain-the Right 
Aſcenſion of Stars, is known: to Aſtronomers, and 
will appear to thoſe that conſult the foremen- 
tioned Tacquet Aftronom. Lib. g. Cap. t. num. 4,5. but 
by this TInſtrament, and a truly - py endu- 
' tun Clock, the buſineſs is eaſily perfor?” d: For, 
from the ſum of the'$uns Right Aſcenſion, ard hour 
of the night (known-by the Clock) ſubſtratt the 
Stars hour on the Dial, the remainder is the Stars 
Right Aſcenſion in time, which converted into de- 
grees and minutes, ſhews the Zyuatorian diſtatice 
of the Star from m_ firſt pany df” r, orts Right 
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bY the Tables of the Suns and Stars Temporary 

. Right. Aſcenſtons. 


\He Table of the Stars Right deli ra 

time 1s plain enoagh of it 1elf. © * Tis: com: 
pared to the year 1686, and will ſerve for ten 
Mou to:come without the error of. half 'a.ms 
X | nute. 
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| kionad Stars, Ehe fifth. and laft Column expreſ- 
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nuts.:-'Lisaccording to Keciolts Catalogue of fixt: 
Stars in his Afronomia Reformata. It conlifts:of 5 
Columns, the fir{t- coritains: the Magmriudes, the = 
ſecond. ſhews,. the Greek Letters by which each. 
Star, is> marked- in Byers Uranametria Printed at 
Ausbur g3 1603. Lhe. third has the numbers by 
which each. Star 48 noted in- Ticho's Catalogue, 
which is followed by: moſt Authors, but is to be 
R found perticylarly:wn Frchoms Brake; Aftroname In-- 
ftantate Progymnaſmat a, pag. 258 and at the end of 
the Rudolphine Tables publiſhed by. Kepter..: The 
 founth Column contains the Stars. names, .as- 
_ they! are in Bayer's Uranamerria; and alfl> after 
each; name 'we'-exprefs the: common name iz 
Enghh, and as they . are to be. found on our 
common Globes. And here we anaft-not won-. 
er to; find that called Right: or eff in the Latin 
names of Bayer, thats called ;Eeft or Right m'the 
Engliſh common: names; as for inſtance; Herculis 
Humerus Dexten, is-in Engliſh, the l-ft ſhoulder of Her- 
cates. Forthe reaſon of this. will appear plain to. 
thoſe that conſiderthe Conſtellations of Bayer,and* 
the common. Conſtellations: on: our Globes. And 
T thonght it not amiſs to take all this care, and 
expreſs all theſe marks for the ſake of thoſe that 
arcnotfo. well vericed th the appearance of the 
_ Fimmamient, that: they may the readier find gut, 
 and-not-fo:eafily miftake any of the foremen- 
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Siberian Thleſpicim. icw: 
> ſs the Right Aiforin tine of och Rar to: the 


fent year 16586; '-.5 -: 
 The*Tables of the Suns Right Afeenſon rin time 
eo the Suns place to be had So vgs 


Tables or | Ephemerides. They conklt of four C O- 
lammns, the f  CONtaINs eVELY degree and 10 Mmi+* 
nates of the Suns place, 'the ſecond contains: the 
Hours appropriated to the ſigns between the Per. 
nal and Aautumnal Equimzz, the third ſhews the 
| Hours appropriated to the ſigns between the Au- 
tumnal and Vernal Equinox; and the fourth and laſt 
ſhews the parts of an hour, that is, minutes and 
ſeconds, that are common to the oppolite ſigns. 
By the fide of each diviſion are cp the dif- 
ferences between every ro minutes of the Suns 
place, for more ready making proportion. For 
Example, ſuppoſe the Sans pigce were Y.:2, 190 
I find its Right Aſcenſion 1 þ. 33 18%, Bat if his . 
place were = 25%. 10". the Right. FTgu on would 
be 13h. 33%. 1507 Whereweſce43'..r5%common 
to both places. But ſuppoſe 1 Had by a good 
Ephemeris the Suns place about my required time 
to be T 250. 15) then by making proportion Ifind 
by the Tables the Right Aſcenſion tobe +/þ. 35. 34%. 
- ForlI fayjf 104 (the common difference of t 
minutes) give 38 , what ſhall 5! (the difference® 
between 10! and 15!) give, and it-will be: xg, 
which added to 1. 33-15". makes 'rh. 35! 340 


I know the common 'way for giving the'Suns 
F 2 : a 
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Right abate meking « Table of the Fagey 
the month, and giving the Suns Right Aſcen/zon to 
the days: But this way, iFit be general, and not 
appropriated toa certain year, is yas accurate to- 
'a minute or two : and. if it be adapted to a cer- 
tain year, *tis-not general, and will not ſerve ano+ 
ther time::Whereas our Tables. of the'Suns Kight 
Aſcenſion are general, molt accurate to a ſecond, >. 
| _ mn | 


—— 
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"CHAP. XK 


bl . Concernin g he Aſtronomical Equation 4.4 Time, 
It +.ond the Tables thereof. 


| Eing now upon the buſineſs of Time, and 
_ * the accurateobſervation thereof, foas there- 
fx to regulate-.curious Time-keepers; it will not 
be:improper;ts.our ſubje&t to ſpeak ſomething of 
the Inequality of natural Days; a matter that has: 
exerciſed the thoughts of all Aſtronomers in all 
ages: And though all have allowed that there 
really is ſuch an Inequality, yet they have much 
difagreed in-asſigning its quantity, or demonſtra-. 
ting the realon'and affettions thereof; till at Iaft 
our molEearned and Ingeniqus Engl! f Aſtrono- 
red Friend Mr. Fobn Flamfſteed 


Y LOIN 
| Math. : Regins, has- determined the Controverly, . 
and: 


> 


—— 


and by moſt evident RO -has put the. 


matter beyond farther diſpute, clearly SVG, 


both the Reaſons, AﬀeTtions, and Quantity of this- 
pit His Diſſertation concerning this 1s an- 
ex'd and publiſh'd at the end of the Opera Poſts. 
Frarh Feremiz Horrozcii, Lond. 167;. 4% From wh ich, 
(with my eſteemed Friend's leave) I ſhall preſent 
the Reader with the following Schemes and. De- 
 monſtrations. 
On account of the Suns Ercentricity Hook the 


center of the Earths AnnualOrtit, the Diurnal mo- 


tion of the Earth 1s ſometimes faſter, and ſome- 
times ſlower than the, wean motion, and conle- 


quently the apparent Day is ſometimes longer, 


and ſometimes ſhorter than the mean. Day. 
Which Inequality, and<the Quantity of- the dif- 
ference of the equal or mean Day from the ap- 
parent, 1s thus demonſtrated from the 1 Figure, 
according to the Copernican Syſtem: 


Let AB PN be the great Orbit in which the 


Earth is yearly carried about the Sun, the center 
hereof is C, 4 the 4 phelion, or the Earths place at 
Noon on that day that it is in its 4phelion, ſuppoſe: 
_ the 18th. of June. B the Earths place at Noon the 
day following. AL an afligned Meridian of the 
Earth. Thearch 4B, or the angle ACB, the mean- 
motion of the Earth from the Noon of a.given: 
day tothe Noon of the day following. L a-point 
in the given Meridian. turn'd to the Sun; which, 


Pann, 
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SD) pag i For AR 
PN hit the Earch is carried in its Orbit "Be 
NH, is fould by the diurnal circunnplation of the: 
= Lhe ring gen es h O in the firſt place A ta 
_ d.ith the ſecond place B; to which x Jo when 
the {aid point arrives, %is manifeſt = the Earth 
has: performed a compleat revolution about its 
own Aris; becauſe the meridian Bd, in this its 1e- 
cond poſture at B, is made: parallel to AL its 
yeſterdays poſture at 4. But it is not yet appa- 
* rent Noon, till the ſame point of the Earth by 
- its revolution be brought to e, where 'tis turn'd 
directly oppoſite to the Sun, who governs the Ci- 
vil Days. And that this time is not the ſame 
with the Celeſtial or equal Noon, will be proved, 
' notonly becauſe the Earth has not yet pe: formed 
its mean motion above its revolution, (tho this 
were a ſufficient argument) but alſo becaule the 
diurnal maotions about the Sun, and conſequenily 
the returns of any certain meridian to him, are ve- 
.. uficqual; neither can they poſſibly be:egual in 
Id reſpe& of any*point about which the Earti is 
- Not; carried equally, as 1s Tuffictently maniieſt 
| From the inſpection of the Scheme only. Where- 
fore the mean Noon and equal Time reſpects the 
Popere of the mean motion (that is the center of the 
bit C) and in our. preſent inſtance is then when 


E "the meridian carried from e arrives at f, where 'tis 
+4 direaly oppoſite to-the center of+the Orbit C, And 
*% when 1t has gained this poſture, the Earth has 
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performed its mean motion proc a. revolution: 
pleat a mean day. .For' the arch | 

df or the angle d Bf is equal to ff angle AC B 
the mean durnal motion of the Earth. - Alſo the 
arch de, which the Earth, or any meridian therein, 
muſt paſs more than a revolution before it be 
- apparent Noon, is equal to. the angle 45 B the 
apparent- .motion of the Earth at the Sun. From: 
"whence 'tis eyzdent, that the arch.e f, which the 
circumference bf the rouling Earth performs be- 
tween the apparent and mean Ns, and which 
ſhews the difterence between the apparent and 
mean. Day, is equal to the angle SBC, which &s 
the Equatianof the Orbit. Wherefore the Profthaphe- 
reſes of the Orbit reſolved into parts of time, ſhall 
| be the ry arcs of time;zwhich /Eqaations,through- 
out this [rs of Anomaly are negative, or to Babel 
ſubſtra from the apparent time, for herei 
the mean Noon ſucceeds the apparent, _ - 

In like manner, if we take the Er, Parts | 
of the Scheme, ang conſider the Earth.in its Perr= 
helion. The point g,or the meridian n ,being made = 
parallel to its yeſterdays poſtuxe, tis plain that - 
the Earth has performed one compleat revolu- 
' tion. This point being carried to þ, where "tis op- 
polite to-.the center Se the Orbit, 'tis now. mean 
| Noon; for thearch gh, or the angle g Nh equal to- k 
the mean diurnal motion of the Earth,, is pafſed | 


ofa. - Hut it 15s not et apparent Noon, till the 
oe ” Earth. 


Q 


- Earth by is eel bring the” Date FORE" ts 
E Where *tis diredy oppotite ts' the Sun. From 
* whence 'tis manifeſt that the apparent Day ex- 
..- ceeds the mean by fo much time as is requiſite for 
FR as earth to pals the arch hk, which arch is equal 
to the angle CNS the Profthaphereſs 7s of the Orbit: 
wherefore reſolving this into time, we have the 
, Zquation of time, which throughout this ſemicircle 
of: Anqmoly is affirmative, or to be gdded to the ap- 
e, becauſe herein the mean Noon pre- 
Cedes the apparent. 
*Tis manifeſt from what Sia th at if the 
Sun were'in the center of the great'Orbit, and the 
Farths Aris were not inclined to its path or way, 
there would be no Inequality of time, but the 
' mean Day and apparent would bz equal. More- 
over, if there were no ezcentricity of the Sun from 
the center of the Orbit, but there were the uſual 
inclination of the Earths Azis to the Orbit, tho 
| there would no Inzquality of time ariſe ſach as is 
 ſhewn in the foregoing demonſtration; yet there 
would ariſe another Ineualty from” the ſaid: in- 
Clination of the Earths Az:s, or as the Ptrolomaicks 
would expreſs it, from the inclination of the E- 
cliptick to the & Ernyr the quantity and afteCti- 
ons of which wquality 1s: thus ſhewn by the 
Analenma. Ee, 
- _In Fiz: 14. PCFisa Quadrant of the Solftitial 
-S © ature, P the Pole, A F a. Radius of the YEquator,,CA a 
. Radius 
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theplace of the Sun inthe beginning of » at noon 
on ſome certain day, © the'Suns place at noon the 
day following ; through whichplace ſtriking the 
arch P © B perpendicular to the Equator, A © will 
expreſs the diurnal motion of the Sun, and A B its 
Right aſcenſion, or the arch of the Zyquator that 
Culminates with the Sun. Which arch, ſeeing 'tis 
one of the ſides of a Right-angled Triangle A © B, 
cannot be equal to the Hypotenuſe, that is, to the 
Suns motion Ao. Wherefore ſeeing the revolu- 
tions of the Zquator, and of its equal or like parts, 
are euable, and performed in equal times, but the 
Sun in paſling equal parts of the Ecliptick applies 
to the meridian with unequal parts of the Aquator ; 
it neceflarily follows that the ſo/ar days are un- 
equal, And that the difference between the Suns 
true place and its Right Fn being converted 
into time, is the true Aquation of time ariſing 
from this cauſe. Which Xquation, in the firſt and 
third Quadrants of the Zodiack is to be ſubſtratted 
from the apparent time, for in them the J/ongitude 
of the Sun from the next Equinoctial point paſles 
the meridian ſooner than a like arch projetted in 
the Zquator. But in the 2d and 4th Quadrants of 
the Zodiack this Equation is to be added- to the ap- 
arent time to. get the mean; for in theſe. the'hn- 
gitude of theSun from the /Xquinoz paſſes the me- 
ridian later than the like Arch' projected'1nithe 
46g : Wn Aquator. 
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let the | << of whe 
oor the Be mages he 94.07.59 of); 
Its Right aſcenſion, or 2:8 arch of the Fqvater cul 
winating therewith 4B will be e*. 54- +3". their 
fifrence 4 55". being canverted into tios 1s 
od". op.: x97. 407, and. by fo much: is the apparent 
day ſhorter than the mean, This therefore is the 
- £gaation of 'time arifing from this caule, and is 
negative, . or to-be ſabltratted from the apparent 
tinge, to obtain the mean time ; for the longitude 
of the Sun arrives at the meridian ſooner than. a 
Ike arch projected in the Zguator, 

-Here are therefore demonſtrated two ſorts of 
Equations of time ariling from two different cau- 
16s, if they axe both te- be added, or both ta be 
fubſtracted, their ſam is to be added or ſubſtra- 
Cted-; but if one be to be added, and tother ſub- 
tracted, their difference according to the nature- 
of the greateſt i 1s to be added or fubſtratted to or 
from the a pparent time to get the mean. 

And thus far I have preſimmed to borrow "i 
my Learned and Ingemions Friend's Diſcourſe; 
which is ſufficient, I think; to put this matter 
eutof all diſpate. 

- Aﬀter clearing the Theory of this Dodtrine, F 
come next to- apply it to. practice in regulating 
curious Time-keepers, which indeed ate-very of- 
ten abuſed for want of the due conſideration and: 
| _ Po of this ————_— of time. - For 
at 


_ at forme tirne of the year it happens: that if'due 
Watches or Oſcillating Pendulums do'not differ above 
a quarter of an hour from the time ſhew'dby the 
San or Stars, they are falte, and need a correction; 
Arid the reafon of this is plain, for if a Pendulums 
Watch goes true, it goes equal, that is, one 24 hours 
_ at any timie of the year, 1s as long as another 24 
hours at any other time of the year, and this per= 
pettally and conſtantly ; that is, all Watches that 
£0 true, meaſare the equal or mean time, and cor 
1equently ought to differ from the apparent tinis 
ſhewn by a Sm-dial or other Inſtrument, as much - 
as is the A#yuation of time in excels or defect j 
but the Aquation of tinie is ſometimes above's 
quarter of an hour, therefore ſo much ought a 
g00d-going Pendulam-watch to differ ſometimes 
from the Sun, i it be rightly adjuſted. - But this 
will be more evident by explaining the Tables; 
Theſe are calculated by the foregoing Theory, and 
will ſerve very well for theſe 20 years to.come; 
though it maſt be confeſt; that to have them moſt 
' accurate, theſe Tables onght to be Calculated fos 
every year, as 1s manifeſt to thoſe that conſider 
the foregoing Theory, Yet fay, theſe will ſerve 
very well for 20 years to come, without ary cone 
{iderable error. Some few ſeconds error there 
may be, and he that defires them more" exact, 
may be at the pains of Galculating there him-- 
ſelf; the method: wv he may find laid down” | 
113 © 8 Ee 
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in the forementioned Treatiſe atithe end of he 
roz's' Works; or in Mr. Flamſteed's Doctrine of: the 
Sphere p aubliſh'd in Sir 7. Moore's Syſtem of Mathe- 
Bake -We ſee there are only four days in the' 
year on which the equations of days ceaſe, that is, 
the apparent and mean time are then the ſame, viz. 
on the-4th. of April, Zune the 6th. Aug. the 21/t. and 
Decemb. 13. If on any of theſe days we Set a well- 
regulated Pendulum-watch to the apparent time 
ſhewn by the Sun or Stars,on any day afterwards, 
it ought to differ from the apparent time ſhewn | 
by the Sun ſo much as is the Aiquation of time in 
* the Table. If the Aiyuation is. to be ſubſtratted, 
the Pendulum ought to be ſo much ſlower than (or 
behind) the Sun; if the Afquation is to be added, 
the Pendulum ought to be ſo much faſter than (or 
before) the Sun. For upon any day of the year 
obſerving the time exactly by Sun or Stars,' that 
time is the apparent time, and togain the meantime 
which ought to be ſhewn by the Clock, we are to 
add too or to ſubſtradtfrom the ſaid apparent time, 
the Aguationaniwering to theday of our obſerva- 
tion. Suppoſe for inſtance, on the 4th of April T 
obſerve the time by the Sun, here becauſe the 
uation ceaſes, the apparent and mean time are the 
ſame, and therefore I am to: ſet my Clack to: the 
exact and full time, as the Sun or Stars: ſhew it ;, 
but if the Pendulum go exactly true, and it move 
to p the vs of Mey, Jl nl find it 4+. 17 behind 
| the 


we 
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- the Sun,. PR i hs the 4c en EROPY atb-of | 
May to be ſubſtracted fram: the apparent: tume:of 
the Sun.to gain the mear time of the. Clock; that- 
15; when the Sun ſhews it to be 9a Clock in. the 


morning, the Clock oughtto: be. but 86.5 5%..43% 
hind the» 
Sm, it has not gone truly as it ought, but the 


Andif1 find the Pendulum! more'or lefs: 
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Pendulum or /agg 1s to be lengthned orſhortned = 


as is requiſite to make it gain or loſe the differ-: 
Ence betwixt. the time ſhewn-by the Glock; /and: 
. $þ. 55. 43%. in 30 days' elapſed; between: the-4th: 
of April, and 4th of May; according to a Table, 
whoſe uſe I ſhall declare preſently.. But if the: 
Movement beexquiſitely truejfitgo to the 6thaf. 
Zune, 1t will again ſhew the ſame. time with: the- 
p or Stars, for then again the- /Equation-is: no- 

Andif it go onwards exattly; to the; 3d of 
pre it will be 41. 18". before the Sun; forat that: 
time ſo much is the equation. to: be added tothe 
apparent time to make it the mean, 'Till again on 
the 24th of Offober the Watch ought to-be 16. 4". 
behind, the ..Sun, for ſo-much is the <quation: on 
that day to be ſubſtracted.. -* ©... 

Wherefore if at any time we ſet our Praduluns- 
Watch in order to. rectify it, and bring it exattly. 
to. meaſure the mean day, we are to: add: to or 
ſubſtract from the apparent . time ſhewn-by the 
Sun ſo much as is the equatian of idays.at-the-time: 
we ſt it. For Fane? at DRONs: or uit: when: 
the 


2 
my 


£6. 
the: Sar: 56/9 the Meridia on gry gf! WIT Y 
thats, when chew parrot! 'rime""is'exattly TY: 
Clock, Iſt my Watch, the equations then 6'. 26", 
. Wherefore T fet my Watch to 1 1 þ: 53% 348. 
Which af it go riphe,that' is equally as it ought; 
cen'the:igth'of CO foker wHEt be 14!: $29. behind the 
the ur) ifit be either more or 1ef behind or be- 
fore the Sun, it has gone falfe, and is to be refti- 
fed by lengthni: « 6#:ſhofenini the Pendulum as. 
much as is/requiite to make it gain or loſe the' 


difference betweer- 14". 52 behind the Sun and its 


error whatever i is in 3o days time elapſed -be- 
taygentthe'92b of iSeptemb. and gth of Offo. But if 
avany-othertivhc of the year we fet our Watch 
when' the ajwitivs is'to'be added; we muſt put'it 
{© muctx before the Sur as is the equation, But 
role is” xvod enough without Further Hlaſtra- 


Of thedervainty: avidoxacineſs of this equation 
of time, 1 have made & moſt convincing Experi- 
ment by ar exqualitely  reCtified Pendulum-Chck, 
which: F bought! from'Mr: Rithard Farrat Watch- 


' maker in Lothbury,  Londvfs, whom I can therefore 


recommentd for is honeſty and ability. 
And becauſe T have ſpoketrr in: this Chapter of 
or fAertning of a Pendalum, To as fo' - 


- makeitgs fowef or faſter ſo much in a certain 
- time; for X vis ellis: more regularly, and not by 


_ Lhaye hereadded a Table adapted to a Pen- 
dulium 
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39-2 nes ver ds wh Men in he 


Fcagt Compendiuts, pag.' 1 13; gives us.fuch bien 


this, but whether by the fault of the Prining: or 


_ Calculator 'ts yery errgnians, 85any one may:find 
that will beat the pains toexamune it by the fol- 


lowing Rules for Catcatating theft-Tabtes. The 
Rule is, the kngths of Pendulum are” to each gther re- 


ciprocally as t ous f their vibrations in the ſame 


time. Thus, if a Pendulum 39.3 inches hong! wbrate 

60 times 1n'a-munute, how oft will a.\ enduluns 
- 9.8 (viz, quarter of 39.2) inches vibrate in a mi- 
mae? by the foregoing Rule the pre ortion ſtands 
_ thus, 9.8: $925; _ 14400, Whofe ſhure Root: 
'1S 120, therefore a Pendulum 9.3 will ilt witrate r20 
times in a mitmte. $0 if jt be required how oft 
a Pendulum 39:9 inches whbrates in a minite, the 
Analogy wt this 39-0? 39.2: ZEOQ! 36x28 whoſe 
fn Root is 6&0. 15. that 1s, a Fendulpm 35,0 in- 
ches long vitrates if a. minute 660” times," and 15; 


hundreds of a vibration more than & times. So: 


ys multiplying 1 hundreds: of a vihration by 

40 the number of minutes in 24 hours, I 
the number of w#bzations which 2 Ponta ulum 79: 
inches long whrates 1m a day more” than one of 
39:23 andſteing each. v4bration ofthe Pentulum in 
a Glock: adapted for it, ſets the hand farward-a 


 frcand,, by knowing: the :number;> af: _—— 


| which. a Fondue 39-2: 1aQhes long 'performs'in a 
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know: the number of ſeconds 'which it will 
 adyance the ' Index of the Clock forward more 
wap one 39.2 inches long. And by theſc Rules | 
are ny rower Tables CYNON | & 
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-» _ 
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| ao .3863 9. 16). Js 

. [x60,08 7.24.10 | 
[i 8.960.2309 | 
1041 ÞP2:960-15 36 


|.» The firſt Column has in themiddle the length 

of the Pendulum'39.2 ; upwards it diminiſheth-one 
tehthy and Yownwards it .increalcth 'one* tenth; 
The cont Cokimncis the vibrators atid parts-of 
_" a Vibration DINE a. munite by-the Rs * 
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ninge of the Pendulum will cauſe ina fag 6 
gotten by multiplying 1 440” the minutes in aday  _ 
by the Took abioVin OX Thnder 60". The thand _ 
laſt Columf are 'the: differences of the _ 
like Table maybe made to any length of a _— | 
dulum, reſpect being-had to the foregoing Rule. 

1 ſhall corictade all relating to my Dial with 
the Calcukition of hours and minutes for an Ho- 
rizantal Diatfor the latitude of Dublin 53. 20), Which 
I believe will not be unacceptable to thoſe ting 
defign curious Dials for that place. | 

The Tables follow amongſt the others. - 


i 


Þ | E - H A PP. XI. 
Y% the Tables o 2 the C ircumpolar Stars, their 
'C a ulation and Vſes. LO 


3a ftT, 


Shall here; 28 a concluſion tb this Work, add 
{ Ginething concerning very uleful T: ables for 
ſhewing the time of night very- accurately, and 
other ope | ns byithe Circumpolars, or Stars that 
Te if oe latitude of Dablin. Such Tables as - 
help we have mentioned-in-Siw Fi Moore's Mathe- 
latical CompendiumP. 118,119. but they arefor the | 


"tude of. London of neither does he give us all their . 
FOOT PERT 7 lY H uſes, 


 * ESL 
* AS _T 
by xk 


"2 In any So or thr as nent 
Vs [ £2 F | Q 


_ the fame time with! e BY by: 

1 DE i = = Bo, 
7 . ' t ce Hae 14914 {ues 
WW F a hour, minute, and ſecand of the night... Lhe. Tables 
-,, _ Þconliſt of 6 Colums, the frfs., aws: the Moe 
a tudes; the ſecond contains the Stars names, as they 
are deſcribed 'on our common Englſb Globes; the 
third ſhews the Rjght aſcen/ion of the Mid-beaven 
in time, when any of theſe Stars come in the 
ſame Ve __ ww mp Pale-Star, by which (work- 


ing according yay Rule) we find the 
hour of the Harvey 'the fourth Column gives the 
Hforenee in time between. the coming of: any of 

- thef&Stars under the Pale-ftar, and thear. com 
_ under the Pols jt; ſelf. Same of theſe: Stars. pa: 
the Meridian, or-come under the Poe before tt 

' eome-under-the Polt-.Star, ſuchas are all the. Stars 
whoſe: Right aſcenfions are above.g P. 245 107, and 
under «897.14 107, And of theſe we ung 
Þ1 this © Pier, ondythey all aackol 2308 75; 


& 


wok their Allonrh ah age; 2 
-> But of theſe Stars in'this - 
WWE "paſt the or come under 
the Pols ns chap have left” the Vertical of the 
Pole-ſtar, we make this: uſe: Allthels 
are marked t+ the'fixth' Column with Was tia 
ving a'Weftern: 4zinnuth when they arc under the 
Pole-ftar. "Wherefore placir 
planet beliind, 6 tojtheSic of the former; they 
obſerve by the firſt when any af theſe Stars com? 
urider the Pol-flar, and "by > Pocſalat from thr = 
intyhace yorreperk EEE mn 
placitig your eye row 
juſt at the end of your omar by gently: moving 
this laſt theed; mikke theny. both cut the Star you 
count for, then ate theſe ows lines e2 the 
meridian; and is a aurious way for finding a Mes 
 ridian line, The fifth and ſixth Columns ſerve for 
the ſame uſe; for whett any of theſe Starsare un- 


-v fecohd dine and 


der the Pole tar; thaking you r'two lines cut both 


Pole-ftar and Yother, ors ito lines /haing f far 
out of the- Aeridinn ne, ww the Heimuth: xpr 

_ inthe Table, which: 42494 is ſhewito be Eaſt 
_ orW-tby the 6+ Column. Wherefore this nele_. 
being ſet oft from the-found line, ſhews the — 
Mritlian.' And we miy'oblerve, that there 'are _ 
three ffars expreſſed in the Table, which being 
under the pole-ftar 'are infenſibly nigh the Meri 
Teh theſe are ay aa Is Cor Caroli, and Aliot - 


or 


It any. d.. 
* Anceher aſe that we may arſe of this 1 Tis 
in IF juiting of i Hour-g/aſfſes and 
other im; or rmaagen —_—— for trys 
ing their going, arid bringing.them.to their-right 
meaſure. Thus we ſhall' find-it juſt four Hove 
(winting one ſecond) between the coming of:Cer 
; Caro; and the 24th Star of .Draci (in; Tigh, Gatul.) 
under the Pole-ſtar';, for-'when, Cor Gatolirig utider 
the pole-ſtar, the Right A iſcenfion of-the Mid-heaven 
in time 1s ooh. 36. 44”. And when the 24th of 
Drace gona = ; the Ft £15 Aa 
rary Right Aſcenj10h:18 67.43% tne; gence 
8 3þ. 5) 59%; which wig aa Ffinr ſecond :of 
four mon arg that thus 24h of Trove! iS mark- 
1 come Hr to ſhew the method. Fi Calcula- 
ting this Table, for- which ſee the 15 and 16 Fi- 
gures, 'Wherein 4zbp is the circle: deſcribed by 
. the pole-ftar z-round the pole p, z the Zenith,zn the 
meridian, whoſe North part 1s' pn, s is any other 
C ircumpolar ſtars, 2x +a Vertical carcle, hn the Horizon, 
' ep the Equator, pd the Azis Mundi. There are 
here given'(or-at leaſt may be known from. the 
Tables) 'p* the'Complement of the pole-ſtars De- 
clination, p 5 the Complement of the other ſtars De-; 
ination, =þs the difference of the Right Afeoyfors 


- 


Aa I cr 
»”- 


-OQIPy en eb L 
+C®}3 


angle pz z,which:4 
Stars have, when they'come in Phy 
and makes the fifth Column in our : 
from the ſame Data, we may find the ans. Þ Z Ant X. 

| Therefore 1n the Triangle zps, we have found the 
angle 2p 5, for zp 5 isequal to the ſum of zp x and 
spz. Now the difference between zp-s and 180 
degrees is equal to the difference in time between 
the Star 5 coming under the Pole-ftar and coming, 
under the Pole, or its being in the Meridian, and 
_ conſequently its havingats own Right Aſcenſion, 
or its Complement ; and this makes the fourth 
Column in our Table. Now this difterence in 
time between the Pole and Pole-ſtar being added to 
or ſibſtracted from the true K:ght Aſcenſzon of the 
Star 5 in time, gives the Right Aſcenſion in time of 
the Star 5 (or of the mid-heaven) when 'tis under 
the Pole-ſtar; and this makes our third Column 
in the Table. The Rule to know when this dif- 
ference in time between the Pole and Pole-ſtar is to 
be added, and when to be ſubſtracted, will be evi- 
dent by obſerving, that all ſuch Star's whoſe Right 
| w 
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